AD705000 (e

o il by the
CLEAP.!NGHOUSE
tor fete gt Somnhiis 4 T, b
it tion Sornghag v, 22161

18\
TN
LR

~oite GO

Cat




| TR TR PITTNY ey
Sl B, Vo 3, Mol 190, P ov 178 .

A method for fécording myocardial ECG in

animals during intense vibration

DONALD J. SASS

Naewl Medicol Resewrch Imtitute, Bethesda, Meryland 20014

Saw, Doxatn J. A wethed foo 1weding myocandial ECU in animals
daring intems. ribration. J. Appl. Physiol. 28(3): 361-364. 1970.—
In studies of effects of whole-body vibration in cats we have been
unable 1w record the clectrocardiogram  wsing  conventional
incthods when the animal is vibraied with peak acecleration ex-
ceeding about 4= 4 g, The present sudy shows, however, that the
ci-ctrocardiogram can be recorded from myocardial electrodes
during whole-body vibration with peak acceleration up 10 = 15 2.
Satidactory clectrodes consist of two no. 30 AWG enameled
copper wires sutured into the myocardiun, at one end of cach wire
with the (wo free ends brought cat through *he vascular system.
Clinical quality clectrocardiograms were not recusded using this
method in anesthetized cats, but tracings were produced in which
the base line and R waves are distinct throughout the period of
vibration. This paper dexcribes one method for implanzing the
clectrodes and illstrates e resulis with reproductions of tracings
from some of the experiments,

clecwrocardiogram; intense whole-body  vibration: transvenous
implanted myocardial electrodes; vibration artifacts in the electro-
cardiogram; vibration studies in water-immersed animals

ELECTROCARDIOGURAMS are frequently difficult 1o record during ex-
periments concerned with effects of acceleration in animals, Mo-
tion arifacts and shifting base Jines in the tracings arc most
troublesome during rapid changes in acecleration, c.g., during
impact on a sled decelerator or during the period when a centri-
fuge changes from one acceleration plateau o another, ‘These
inwtances are frequently brief. well within a cardiac cycle for many
impacts, or within a tew heart beats for the centrifuge example, In
these cases transient interruptions in the tracing may be relatively
unimportant. However, when the accelerative stress is whole-hody
vibrativn, both the direction and magnitude of the acceleration
continually change, and, depending vpon how intensely the ani-
mal is vibrated, a useful ECG may be impossible 10 record when
conventional methods are used.,

Investigations have been perforined in this laboratory since 1952
to determine the effects of low-frequency, high-amplitude me-
chanical vibration in man and animals, "The sulsicets of these ex-
periments were vibrated on a table which oscillated up and down
with sinusoidal motion. Frequency and peak acceleration were

* controllable over the range of 3-25 Hz and %1 10 £15 g, respec-
tively, Our experience with animals has shown that useful electro-
cardiograms cannot be obtained with conventional techniques
when peak acceleration of the vibration table exceeds about =t g.
Vibration with this intensity is painful in man wearing a lap-helt
restraint (2), but is below the stress known to produce substantial
injury in well-restrained anesthetized animals, Experiments in
anesthetized cats restrained by water immersion have demon-
strated that peek aceelerations reach approximately +£8 G, or
£8 Gy before visible infucy and mortality are produced (3, 5).
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Thus, while routine methods may produce satisfactory clectro-
cardiograms during expcriments with Jow-level vibration in man,
routine methods cannot be relied upon in siudies with intense
vibration in animals,

We found it to monitor the heart beat cont auously
during vibration in studics of the mechanisms of injury froin vibra-
tion in cats and rhesus monkeys. Visible injury 10 the heart was
rarcly produced at any vibration intensity, although there was
evidence that disturbances in cardiac function may have occurred
during vibration, ‘This evidence, not all of which has been pub-
lished, is as follows. /) Pulmonic interstitial emphyscma, medias-
tinal emphysema, air embolism, and congestive atclectasis were
produced regularly in animals subjecied 10 15 G, vibration to a
degree that would be expected to interfere with cardiac function

~(5). 2) Asystole was a common finding in postvibration ECGs in

animals that died during bricl exposures with little or no visible
injury to any part of the body. Air embolism was suspected to have
caused death in these animals. 3) In a few animals multiple small
subendocardial hemorrhages were found in the left ventricle im-
mediately below the annulus of the mitral valve and at the anchor
points of the chordac tendineae. No other cardiac injury was visible
in these few animals. "The location of these hémorrhages indicates
that the mitral valve had experienced excessive tensile forces.
Possibly, valvular stress was produced by vibrational acceleration
of the mass of blood in the outflow tract, impacting the mitral
valve during systole. “I'he aortic valve is open at this time and the
mitral valve is subjected 10 the inertial effects of the large com-
municating mass of blood in the left ventricle and thoracic aorta.

On the basis of these experimental findings it appears that sig-
nificant functional impairment of the heart can occur during vi-
bration with little or no visible injury to the heart, and this impair-
ment in function may be an important part of the mechanism of
injury from vibration. A study of cardiovascular function during
intense vibration will be necessary 10 examine this possibility,

However, prelimirary (o further study we had to develop a midiiad *,ﬂ"
for recording the clectrocardiogram in animals during vibrafith, ¥, .o»

Many techniques were tried, but only those recordings obtained
from clectrodes implanted in the myocardium with the connecting
wires restrained by the vascular system were satisfictory,

This paper describes one method for implanting the electrodes
in cats and illustrates the results with reproductions of tracings re-
corded during .ame of the experiments,

EXPERIMENTAL METHOD

Cats were wsed in these experimencs. P'wo electrode wires were
implanted in cach of four animals so that one end of each wire was
sutured into the myocardium of cither the right or left ventricle.
"The free ends of the wires were passed together throngh the wall
of the right ventricle near the apex and between the cusps of the
tricuspid valve into the right atrium, then upwiard within the
superior vena cava and from the right external jugular vein out off
the body. Satisfactory clectrodes were a pair of no. 30 American
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wire gauge (AWG) enamcled copper wires (0.235 mm), washed ina
silicone solution before implantation.

The following method was used 10 implant U clectrodes. The
right veatricle was catheterized with a polyethylene catheter
(1.7 mm od x 1.2 m* » id) introduced vit the right external jugular
vein. A rigli parasiernal thoracotomy was then performed and the
pericardium opened. Wlen the t1ip of the catheter was palpable
through the right ventricle, a malleable bras obturator (] mm)
was pawed down thie catheter 10 pierce the wall of the right ven-
ricke. Two no. H) AWG enameled copper wires were
through 1wo “cyes” in the exposed obturator. "The catheter and
obturator were withdrawn, pulling the wires within the vascular
chunnel and out the jugular vein, "T'he opposite ends were anchored
in the myocardium by taking a stitch with cach wire near the point
where the two wires pass into the right ventricle. The pericardium
was then approximated, a chest tibe inserted for drainage and to
remove the pneamaothorax, and the thoracotomy incision closed,
Later the chiest tube was removed and the frec ends of the wires
were buried in the subcutancous tissues of the neck until the day
of the vibration experiment. Figure | illustrates the implanted
clectrode scheme,

A brief word concerning the vibration apparatus and instru-
mentation is appropriate. The cats in these experiments were
ancsthetized and immersed in water for restraint. ‘I'he immersion
apparatus consisted of a transparent acrylic eylinder filled with
water and mounted vertically on a vibration table, The tank posi-
tioned the cat such that the direction of vibration was along the
long axis of the bedy (£ G,). Details of the apparatus have been
descriied elsewhere (4). ‘The free ends of the electrodes near the
arimal’s neck were soldered to the differential inptt terminaly of a
s.nall battery-powered solid-state preamplifier mounied within the
immersion tank near the animal, A third wire from the amplifier
circuit ground wis sewn into skin over the flank. The amplifier
circuit was similar to the low-noise, interference-resistant circuit
developed by Schuler et al. (6). Low-frequency response of the
amplifier used in the present studies extended o approximately
0.05 Hz. "The unit was encapsulated in a clear silicone resin and
proved capable of withstanding up 0 £15 ¢ vibration over the
frequency range of 3-25 Hz while immersed in water without intro-
ducing recording artifacts, A self-contained 1.5-Hz square-wave
generitor served as o calibration souice, and as a check for instru-
mentation artifacts during vibration. Noiwe due to cable flexing

nG, b Myocardial electrode seheme in antouds, Fluid imimersion
restrains clectrode wires daring intense vibration,
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was negligible because of the very low output impedance of the
amplificr and no special cables or shickding were required.

Ancsthesia was maintained in each animal throughout both the
surgical procedure and the vibration experiment. An initial dose
of sodium pentobarbital was administeied  intraperitoncally
(25 mg kg body mass), and supplemental doses were given intra-
venously when indicated.

RESULTS

Electrocardiograms recorded from inyocardial clectrodes in
anesthetized water-immersed cats during vibration along the long
body axis (= G,) ar reproduced in Figs. 2 and 3. “The accelera-
tion trace shown above the ECG in each figure was derived from
an acceleromneter mounied on the vibration table, High-frequency
noisc was removed from this trace by a Jow-pass filter having a
cutofl frequency of approximately twice the vibration frequency.
The ECG traces were not filtered. ‘The recording reproduced in
Fig. 2 was ohtained during vibration a1 10 G,, 12 [z, 7 days
after the Jeads were implanted. ‘I'he recording reproduced in
Fig. 3 was obtained from another cat during vibration at 10 G,
17 Hz, 30 days after surgery. A large number of similar recordings
were olitained from these and the other animals during repeated
exposures at various peak accelerations between 1 77, and
+15 G,. The exposures ar £10 G, and above were limited in
duration to 30 sec to minimize injury, and in this manner the
reproducibility of the method wits established in repeated experi-
ments with the four animals, Clinical quality ECG recordings with
all components evident were not produced in these experiments,
especially when peak acceleration exceeded about £8 G,. How-
ever, all of the tracings produced in these experiments show
distinct R waves throughout the vibration exposure with only
minimal shift in base line. Interestingly, none of the recordings
show an appreciable change in heart rate from the previbration
value during whole-body vibration at any peak acceleration up o
+15 G,

Small-amplitude oscillations around the base line are most
noticeable in recordings obtained in experiments at £10 G, and
above, Expanded time seale recordings such as reproduced in
Fig. 3 demonstrate synchronism with table acceleration, suggesting
that vibirational motion of the clectrodes produced the oscillatory
component, Fand ‘1" waves were obscured by this artifact although
what appear 10 be injury currents could still be deteeted ax illus-
trated in the recordings reproduced in Fig. 2. No attempts were
made 1o remove this base-line oseillation by filter or subtraction

mehods,

DISCUSSION

The difficulties in recording an FCG during £15 ¢ whole-body
vibration become apparent when it is understoed what 15 ¢
represents in terms of body mation. An animal experiences peak
accelerations of this magnitude when the animal is vibrated with
harmonic motion at a 12 eycles/sec rate and with a peak-to-peak
amplitude of 2 inches. Whole-body vibration with this intensity is
severe and will produce substantia! injury within minunes in well-
restrained animals (3, 5).

The electrocardiogram recorded using conventional electrades
is uswally obscured by artifacts during severe whole-body vibration,
For example, recordings made with comimercial  silver-silver
chloride skin electrodes are sufficiently free of avtifacts o permit
measurement of heart rate only up o 22 ¢, Small needie elec-
trodes have been found similanly useful to only =4 g, and as a rule
4=+ ¢ is about the upper limit of vibration stress to an animal dur-
ing which an FCG, demonstrating at least the heart rite, can be
recorded wsing  conventional  clectrodes, Vibration at greater
intensity increases the size of artifscts and the tacing is masked,
The saurces of these artifiucts are not completely anderstonod,
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The largest source of vibrcior induced artifact is related 10 are introduced. Improved mecordings were oltained when the
separation of the electroud : 1. uis e s 2 ~lative motion of the  electrodes were placed directly on the beart. Initially the clectrodes
tiwurs bhetween the heart and clectrodes due o vibration rhythmi-  were made from 1wo lengths of Teflon-insulated wire, one end
cally changes the electrical properties of ihve fiww. The propaga-  sutured into the myocardium and the five ends brought out
tion of ECG cnery . cav owe septhereniiv it ned as Gk s s through the chest wall, The rrcordmgswrrcwamfamon to +6 G,
rapidly move budk el Leth that potenuars refated (o this mot.on  With greater peak accelerations, vibration of the portion of wire
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1G, 2 Recording obtained  com a0 water-inmmersed  cat during 6 see of o 0-see exposure w10 G,y 12 Haz Sodivm pentobarbital
uhr.llum 7 days after surgery. Lower pair of traces continnes from anesthesia, second o,
upper pair. Injury corrents are shown developing during the Lust 5 or
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F1G. S Expanded time scale tracing was pade during o 2esee ex- Lower pair of recordings are from start and finish of this expostire,
posure a0 G, 17 Hz, and demonstrates that sinall] amplitude  Sodivm pentobarbital anesthesia, fourth cat, 30 days after surgery,
oseillations aronnd base line are svnehronous with table ac celeration,
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within the chest was detected in roentgenograms and presumably

movement of the wire exerted a repetitive tug against the myo-

cardium. Artifacts can be readily produced by light tugging on the

wires at the time of surgery. ‘T'he problem was then 1o find a better
method of fixing the wires 10 the heart.

The best method was to implant the electrode wires within the
heart and communicating vessels. Immersion of the wires within
the vaswcular system reduces the net accelerative forces acting on
the wires during vibration and thereby minimizes motion of the
wires relative 1o the point of attachment in the heart muscle. This
paper deseribes one method of implanting the wires and illustrates
recordings obtained from cats during %10 G, vibration. The re-
cordings show results obtained with the technique. They are not
intended o demonstrate effects of vibration on the cardiovascular
svstemn. “This remains 10 be done.

‘I'he method has two drawbacks, First, there is a need for a
thoracotomy when the wires arc implanted as deseribed. However,
it may L powible to develop a percutancous method of implanting
wires attached to an endocardial screw. Carlsson and Milne (1)
have implanted tantalum screws in the endocardium of dogs by a
percutancons route and a modification of their procedure may he
applicable. Secand, there is a possibility of cardiac injury from the
clectrodes and connecting wires during vibration, although cardiac
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In studies of effects of whole-bedy vibraticn in cats we have been urable to record
the elcctrocardiogram using conventional methods when the animal s vibrated with peak
acceleration exceeding about + or - & g, The present study shows, however, thati the
eciestrocardiogram can be recorded from myozardial electrodes during whele-body vibra-
tion with peak acceleration up to + or - 15 g. Satisfactory elestrodes consist of two
no. 30 AWG enameled copper wires sutured into the myocardium at one end of eash wire
with the two free ends brecught out through the vascular system. Clinical qua]lty
electrocardiograms were not recorded using this method in arnesthetized zats, but trac-
ings were prcduced in which the hase line and R waves are distinct throu, hout the
serivd of vibration. Tats paper descrites one method Tor implanting the electrodes
and Jllustrates the resi 5 with reproducticns of tracings rrom some of (h2 experi-
ments. '

__D_D .F'?RMH1 473 (PAGE 1) . C1INOT AQQTRTEIN



E“’ i E!liiln"ﬂﬂ

KEY WOmOS

LINK ®

“inng

€

‘moLE 24

b d

Electrocardiogram

Intense vhole-body vibration

Transvenous implanted myocardial electrodes

Vitration artifacts in the electrocardiogram
¥ibration studies in wvater-imrersed animals

(- .

DD \F,?OR:.J 473 {BATK

UNJLASSIFIED

Security Clawsification




